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EssentialsRecent randomized controlled trials compared DOACs to LMWHs for cancer‐associated VTE.A meta‐analysis of aggregated safety and efficacy outcomes of DOACs versus LMWHs was conducted.Recurrent VTE was less frequent with DOACs, but risk of bleeding was increased.Patients with gastrointestinal cancer had more major bleedings with DOACs than with LMWHs.

1. INTRODUCTION {#rth212359-sec-0006}
===============

Patients with cancer are at an increased risk of developing venous thromboembolism (VTE), which is a major contributor to morbidity and mortality.[^1^](#rth212359-bib-0001){ref-type="ref"}, [^2^](#rth212359-bib-0002){ref-type="ref"}, [^3^](#rth212359-bib-0003){ref-type="ref"}, [^4^](#rth212359-bib-0004){ref-type="ref"} As compared to VTE in the noncancer setting, managing cancer‐associated VTE is challenged by a higher risk of recurrence and increased risk of major bleeding during anticoagulant treatment.[^5^](#rth212359-bib-0005){ref-type="ref"} The Comparison of Low‐Molecular‐Weight Heparin Versus Oral Anticoagulant Therapy for the Prevention of Recurrent Venous Thromboembolism in CLOT (Patients With Cancer ) study and subsequent trials have tested the efficacy and safety of low‐molecular‐weight heparins (LMWHs) versus vitamin K antagonists (VKAs) for the treatment of VTE in patients with cancer, with favorable results for LMWH (ie, reduced risk of recurrence and no increase in risk of bleeding).[^6^](#rth212359-bib-0006){ref-type="ref"}, [^7^](#rth212359-bib-0007){ref-type="ref"}, [^8^](#rth212359-bib-0008){ref-type="ref"} Based on these studies, guidelines have uniformly endorsed LMWH monotherapy as the standard‐of‐care treatment of VTE in cancer‐associated VTE for 3‐6 months until recently.[^3^](#rth212359-bib-0003){ref-type="ref"}, [^7^](#rth212359-bib-0007){ref-type="ref"}

Direct oral anticoagulants (DOACs), such as apixaban, edoxaban, rivaroxaban, and dabigatran, have emerged as the preferred treatment option for VTE in the general population.[^9^](#rth212359-bib-0009){ref-type="ref"}, [^10^](#rth212359-bib-0010){ref-type="ref"}, [^11^](#rth212359-bib-0011){ref-type="ref"} However, the subgroup of patients with cancer included in trials testing DOACs for VTE was limited, and the control treatment in these trials was VKA. As the preferred treatment for cancer‐associated VTE at that time was LMWH, no robust data for efficacy and safety of DOACs for patients with cancer‐associated VTE were available until recently. Therefore, no definitive conclusion could be drawn for the use of DOACs in patients with active cancer and a direct comparison of DOACs to LMWHs was urgently needed.[^5^](#rth212359-bib-0005){ref-type="ref"}

Recently, DOACs have been tested for the treatment and secondary prevention of VTE in patients with cancer head‐to‐head against LMWHs according to the CLOT regimen (dalteparin 200 IU/kg for 1 month, followed by dalteparin 150 IE/kg) in 4 studies, which provide evidence for the efficacy and safety of DOACs, in particular factor Xa inhibitors (apixaban, edoxaban, and rivaroxaban).[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"} DOACs have been shown to be at least noninferior compared to LMWH monotherapy for the treatment of cancer‐associated VTE. Relevant safety outcomes such as rates of bleeding events differed in these studies. Further, these trials also included patients with incidentally diagnosed asymptomatic VTE, which is frequently observed in patients with cancer.

Previous meta‐analyses have been performed comparing DOACs to LMWHs for the treatment of cancer‐associated VTE aggregating data from 2 or 3 of the now 4 available randomized controlled trials (RCTs) and showed a nonsignificant decrease in risk of VTE accompanied by an increase in risk of bleeding in patients treated with a DOAC.[^16^](#rth212359-bib-0016){ref-type="ref"}, [^17^](#rth212359-bib-0017){ref-type="ref"}, [^18^](#rth212359-bib-0018){ref-type="ref"}, [^19^](#rth212359-bib-0019){ref-type="ref"}

The aim of this systematic review and updated meta‐analysis was to compare efficacy and safety of DOACs versus LMWHs for the treatment of acute cancer‐associated VTE by aggregating results from all available RCTs and to assess their relative benefit in specific subgroups.

2. METHODS {#rth212359-sec-0007}
==========

We conducted a systematic review of the literature and meta‐analysis to identified RCTs comparing DOACs with LMWHs specifically in patients with cancer. The study was conducted in accordance with the *Cochrane Handbook for Systematic Reviews of Interventions*.[^20^](#rth212359-bib-0020){ref-type="ref"} The proposal of the systematic review, including strategy of literature research, was submitted online to the International Prospective Register of Systematic Reviews prior to the initiation of literature review and identification of eligible studies.

2.1. Literature research and study selection {#rth212359-sec-0008}
--------------------------------------------

Two researchers (FM and CA) independently conducted a review of the literature (April 1, 2020), using the biomedical databases EMBASE, MEDLINE, and CENTRAL. Predefined search terms were used combined with filters to identify clinical trials (complete search strategy is provided in Appendix [S1](#rth212359-sup-0001){ref-type="supplementary-material"}). Titles and abstracts of primarily identified publications matching search criteria were screened for conformity with inclusion and exclusion criteria. The remainder of studies underwent full‐text evaluation for eligibility.

To be eligible for inclusion, studies had to fulfil all predefined inclusion criteria and not match any exclusion criteria. Criteria for inclusion were defined as follows: (i) prospective clinical trials testing DOACs specifically for the treatment of cancer‐associated VTE, (ii) control arm of patients treated with LMWHs, (iii) randomized study group allocation, (iv) adult patients only (≥18 years of age), and (v) qualifying VTE event must include symptomatic or asymptomatic/incidental pulmonary embolism (PE) or deep vein thrombosis (DVT). Exclusion criteria were (i) observational cohort study, (ii) lack of control group, (iii) no randomization process for study group allocation, and (iv) inclusion of patients \<18 years of age.

Any disagreements between the 2 reviewers were resolved by discussion, involving also the co‐authors.

2.2. Data extraction and study outcomes {#rth212359-sec-0009}
---------------------------------------

Identified studies that were found eligible for inclusion underwent data extraction. Baseline information of our selected studies including characteristics on study design, and respective inclusion and exclusion criteria were collected. Baseline characteristics of individual patient cohorts including age, sex, stage and type of cancer, and specifics regarding qualifying VTE diagnosis were gathered.

Extracted outcome data comprised efficacy and safety results of included studies. The primary efficacy outcome of the meta‐analysis was defined as the aggregated rate of recurrent VTE at 6 months, and the primary safety outcome was defined as the 6‐month rate of major bleeding. Secondary outcomes included rates of clinically relevant nonmajor bleeding (CRNMB), any bleeding, major gastrointestinal (GI) bleeding, major genitourinary (GU) bleeding, intracranial bleeding, mortality, fatal bleeding, PE‐related mortality, and rate of preterm discontinuation of anticoagulation. All extracted outcome variables were defined as within the respective study. For calculating aggregated rates of outcomes, we used modified intention to treat populations of the selected studies. Prespecified subgroup analyses were conducted in patients with GI cancer and incidental VTE as index event.

Risk of bias of included studies was evaluated with the modified Cochrane risk‐of‐bias tool.[^21^](#rth212359-bib-0021){ref-type="ref"} Risk of publication bias was assessed within a funnel plot for the primary efficacy outcome.

2.3. Statistical analysis {#rth212359-sec-0010}
-------------------------

Aggregated summary statistics were calculated by weighted means and proportions, as suitable according to type of variable. Pooled relative risk (RR) and corresponding 95% confidence intervals (CIs) of outcome variables were obtained by combining results from selected studies by the Mantel‐Haenszel method within a random‐effects model. Assessment of heterogeneity was conducted graphically from forest plots and tested by assessing the I^2^ as a measure of variation in RR attributable to heterogeneity among included studies. In the case of a substantial degree of heterogeneity between studies, outcome analysis was repeated after exclusion of selected studies.

All analyses were performed with Stata (Windows version 15.0, Stata Corp., Houston, TX, USA).

3. RESULTS {#rth212359-sec-0011}
==========

3.1. Study identification {#rth212359-sec-0012}
-------------------------

A total of 759 published records, matching the predefined search terms, were found by systematic database search (EMBASE, 396; CENTRAL, 147; MEDLINE, 216). After removal of duplicates, 755 records were screened for eligibility. After exclusion of 716 records based on information drawn from title and abstract, 39 records were selected for full‐text assessment. Of those, we identified 4 clinical trials contributing to 9 different publications, including 5 publications on specific subgroups or post hoc analysis or on outcomes during extended treatment beyond 6 months.[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"}, [^22^](#rth212359-bib-0022){ref-type="ref"}, [^23^](#rth212359-bib-0023){ref-type="ref"}, [^24^](#rth212359-bib-0024){ref-type="ref"}, [^25^](#rth212359-bib-0025){ref-type="ref"}, [^26^](#rth212359-bib-0026){ref-type="ref"} Figure [1](#rth212359-fig-0001){ref-type="fig"} shows a Preferred Reporting Items for Systematic Reviews and Meta‐Analyses flow diagram, which summarizes the process of study identification and selection.[^27^](#rth212359-bib-0027){ref-type="ref"}

![Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) flow diagram for study selection](RTH2-4-550-g001){#rth212359-fig-0001}

3.2. Study characteristics {#rth212359-sec-0013}
--------------------------

Selected studies found eligible for inclusion were the Hokusai VTE Cancer trial, SELECT‐D (Anticoagulation Therapy in Selected Cancer Patients at Risk of Recurrence of Venous Thromboembolism), ADAM VTE (Apixaban and Dalteparin in Active Malignancy Associated Venous Thromboembolism) trial, and the Caravaggio (Apixaban for the Treatment of Venous Thromboembolism in Patients With Cancer) study.[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"} These studies all represent RCTs, which compared DOACs with LMWHs for the treatment of VTE in patients with cancer. Specifics on study design and corresponding inclusion and exclusion criteria are presented in Table [1](#rth212359-tbl-0001){ref-type="table"} and the rates of outcome variables within selected studies in Table [2](#rth212359-tbl-0002){ref-type="table"}.

###### 

Study design and baseline characteristics of selected trials

  Trial name                                Hokusai VTE Cancer                                                                                                                            SELECT‐D                                                                                                                            ADAM VTE                                                                                  Caravaggio
  ----------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author and year of publication      Raskob, 2018                                                                                                                                  Young, 2018                                                                                                                         McBane, 2019                                                                              Agnelli, 2020
  Study design                              Randomized open‐label noninferiority trial (blinded adjudication of outcomes)                                                                 Randomized, open‐label, multicenter pilot trial (blinded adjudication of outcomes)                                                  Investigator initiated phase IV, multicenter, randomized, open‐label, superiority trial   Randomized, controlled, investigator‐initiated, open‐label, noninferiority trial (blinded adjudication of outcomes)
  No. of patients                           1046                                                                                                                                          406                                                                                                                                 300                                                                                       1155
  Intervention (DOAC)                       Edoxaban (60 mg 1×/d after LMWH for 5 d)[^a^](#rth212359-note-0003){ref-type="fn"}                                                            Rivaroxaban (15 mg 2×/d 3 wk → 20 mg 1×/d)                                                                                          Apixaban (10 mg 2×/d 7 d → 5 mg 2×/d)                                                     Apixaban (10 mg 2×/d 7 d → 5 mg 2×/d)
  Comparator (LMWH)                         Dalteparin (200 IU/kg 1×/d 1 mo → 150 IU/kg 1×/d)                                                                                             Dalteparin (200 IU/kg 1×/d 1 mo → 150 IU/kg 1×/d)                                                                                   Dalteparin (200 IU/kg 1×/d 1 mo → 150 IU/kg 1×/d)                                         Dalteparin (200 IU/kg 1×/d 1 mo → 150 IU/kg 1×/d)
  Treatment duration                        12 mo[^b^](#rth212359-note-0004){ref-type="fn"}                                                                                               6 mo                                                                                                                                6 mo                                                                                      6 mo
  Study participants                        Adult pts. with cancer (active or diagnosed within 2 y)[^c^](#rth212359-note-0005){ref-type="fn"} + acute VTE                                 Adult pts. with active cancer[^c^](#rth212359-note-0005){ref-type="fn"} + acute VTE                                                 Adult pts. with active cancer[^d^](#rth212359-note-0006){ref-type="fn"} + acute VTE       Adult pts. with cancer (active or diagnosed within 2 y)[^c^](#rth212359-note-0005){ref-type="fn"}
  Qualifying type of acute VTE              --Symptomatic/incidental proximal DVT--Symptomatic PE ‐ incidentally detected PE of segmental or more proximal pulmonary arteries             --Symptomatic lower extremity proximal DVT--symptomatic/incidental PE                                                               --Lower and upper extremity DVT--PE--Splanchnic or cerebral vein thrombosis               --Symptomatic/incidental proximal--Lower extremity DVT--PE
  Excluded cancer populations (selection)   --Basal cell/squamous cell cancer of the skin--ECOG 3‐4                                                                                       --Basal cell‐/Squamous cell cancer of the skin--ECOG 3‐4--Weight ≤ 40 kg                                                            --Basal cell‐/Squamous cell cancer of the skin--ECOG 3‐4                                  --Basal cell‐/Squamous cell cancer of the skin--Cerebral metastasis, primary CNS tumors, acute leukemia--ECOG 3‐4
  Active cancer, n (%)                      1024 (97.9)                                                                                                                                   406 (100)                                                                                                                           300 (100)                                                                                 1124 (97.3)
  Age                                       Mean: 64.0 y                                                                                                                                  Median: 67                                                                                                                          Mean: 62.7                                                                                Mean: 67.2
  Male sex, n (%)                           540 (51.6)                                                                                                                                    214 (52.7)                                                                                                                          145 (48.3)                                                                                568 (49.2)
  ECOG 0, n (%)                             303 (29.6)                                                                                                                                    119 (29.3)                                                                                                                          122 (40.7)                                                                                356 (30.8)
  ECOG 1, n (%)                             489 (46.7)                                                                                                                                    185 (45.6)                                                                                                                          146 (28.7)                                                                                558 (48.3)
  ECOG 2, n (%)                             247 (23.6)                                                                                                                                    95 (23.4)                                                                                                                           32 (10.7)                                                                                 241 (12.2)
  Metastatic cancer, n (%)                  554 (53.0)                                                                                                                                    236 (58.1)                                                                                                                          193 (64.3)                                                                                785 (68.0)[^e^](#rth212359-note-0007){ref-type="fn"}
  GI cancer, n (%)                          305 (29.2)                                                                                                                                    177 (43.6)                                                                                                                          105 (35.0)                                                                                375 (32.5)
  Hematologic malignancy, n (%)             111 (10.6)                                                                                                                                    10 (2.5%)                                                                                                                           28 (9.3)                                                                                  85 (7.4)
  Incidental VTE as index event, n (%)      340 (32.5)                                                                                                                                    113 (27.8)                                                                                                                          NR                                                                                        230 (19.9)
  Primary outcome                           Composite: recurrent VTE (symptomatic/incidental proximal DVT; symptomatic/incidental segmental or more proximal/fatal PE) + major bleeding   Recurrent VTE (proximal DVT; symptomatic/incidental/fatal PE; other sites: eg, subclavian vein, hepatic vein, inferior vena cava)   Major bleeding (according to ISTH definition[^f^](#rth212359-note-0008){ref-type="fn"})   Recurrent VTE (proximal symptomatic/incidental DVT of the lower limbs; symptomatic DVT of the upper limbs; symptomatic/incidental segmental or more proximal/fatal PE)

Abbreviations: CNS, central nervous system; DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; ECOG, Eastern Cooperative Oncology Group performance index; IU/kg, international units per kilogram of bodyweight; LMWH, low‐molecular‐weight heparin; NR, not reported; PE, pulmonary embolism; VTE, venous thromboembolism.

Or 30 mg 1×/d, if (i) body weight \<60 kg, (ii) creatinine clearance of 30‐50 mL/min, or (iii) concomitant therapy with a potent P‐glycoprotein inhibitor.

Outcome variables during 6 mo of treatment were used for aggregating data within the meta‐analysis.

Active cancer defined as diagnosed within 6 mo, treatment within 6 mo, recurrent/metastatic cancer, hematologic cancer not in complete remission.

Active cancer defined as any evidence of cancer on cross‐sectional or positron emission tomography imaging, metastatic disease, and/or cancer‐related surgery, chemotherapy, or radiation therapy within the prior 6 mo.

Number of patients with metastatic disease not reported; number comprises patients with metastatic and locally advanced disease.

Defined as overt bleeding + (i) hemoglobin drop of ≥2 g/dL, (ii) transfusion of ≥2 units of packed red blood cells, (iii) bleeding in a critical site (intracranial, intraspinal/epidural, intraocular, retroperitoneal, pericardial, intraarticular, intramuscular with compartment syndrome), or (iv) fatal bleeding.

John Wiley & Sons, Ltd

###### 

Safety and efficacy outcomes in selected trials

+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Trial name                                                                         | Hokusai VTE Cancer     | SELECT‐D               | ADAM VTE                  | Caravaggio             |
+====================================================================================+========================+========================+===========================+========================+
| First author and year of publication                                               | Raskob, 2018           | Young, 2018            | McBane, 2019              | Agnelli, 2020          |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| No. of patients: DOAC versus LMWH[^a^](#rth212359-note-0011){ref-type="fn"}        | 1046 (522 vs 524)      | 406 (203 vs 203)       | 287 (145 vs 142)          | 1155 (576 vs 579)      |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Recurrent VTE (DOAC vs LMWH)                                                       | 7.9% vs 11.3%          | 3.9% vs 8.9%           | 0.7% vs 6.3%              | 5.6% vs 7.9%           |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | (41/522 vs 59/524)     | (8/203 vs 18/203)      | (1/145 vs 9/142)          | (32/576 vs 46/579)     |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | HR, 0.71 \[0.48‐1.06\] | HR, 0.43 \[0.19‐0.99\] | HR, 0.099 \[0.013‐0.780\] | HR, 0.63 \[0.37‐1.07\] |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Major bleeding (DOAC vs LMWH)                                                      | 6.9% vs 4.0%           | 5.4% vs 3.0%           | 0.0% vs 1.4%              | 3.8% vs 4.0%           |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | (36/522 vs 21/524)     | (11/203 vs 6/203)      | (0/145 vs 2/142)          | 22/576 vs 23/579       |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | HR, 1.77 \[1.03‐3.04\] | HR, 1.83 \[0.68‐4.96\] | HR, not estimable         | HR, 0.82 \[0.40‐1.69\] |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| CRNMB (DOAC vs LMWH)                                                               | 14.6% vs 11.1%         | 12.3% vs 3.4%          | 6.2% vs 6.3%              | 9.0% vs 6.0%           |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | (76/522 vs 58/524)     | (25/203 vs 7/203)      | (9/145 vs 9/142)          | 52/576 vs 35/579       |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | HR, 1.38 \[0.98‐1.94\] | HR, 3.76 \[1.63‐8.69\] | HR, 0.931 \[0.43‐2.02\]   | HR, 1.42 \[0.88‐2.30\] |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Mortality (DOAC vs LMWH)                                                           | 39.5% vs 36.6%         | 23.6% vs 27.6%         | 16% vs 11%                | 23.4% vs 26.4%         |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 206/522 vs 192/524     | 48/203 vs 56/203       | (23/145 vs 15/142)        | 135/576 vs 153/579     |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | HR, 1.12 \[0.92‐1.37\] | nr                     | HR, 1.40 \[0.82‐2.43\]    | HR, 0.82 \[0.62‐1.09\] |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Major GI bleeding (DOAC vs LMWH)                                                   | 3.8% vs 1.1%           | 3.4% vs 2.0%           | 0% vs 0%                  | 1.9% vs 1.7%           |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 20/522 vs 6/524        | 7/203 vs 4/203         | 0/145 vs 0/142            | 11/576 vs 10/579       |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Major GU bleeding (DOAC vs LMWH)                                                   | 1.0% vs 0%             | 0.5% vs 0%             | 0% vs 0%                  | 0.7% vs 0.2%           |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 5/522 vs 0/524         | 1/203 vs 0/203         | 0/145 vs 0/142            | 4/572 vs 1/578         |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Intracranial bleeding                                                              | 0.4% vs 0.8%           | 0% vs 0%               | 0% vs 0.7%                | 0% vs 0.3%             |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 2/522 vs 4/524         | 0/203 vs 0/203         | 0/145 vs 1/142            | 0/576 vs 2/579         |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Fatal Bleeding (DOAC vs LMWH)                                                      | 0% vs 0.4%             | 0.5% vs 0.5%           | 0% vs 0%                  | 0% vs 0.3%             |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 0/522 vs 2/524         | 1/203 vs 1/203         | 0/145 vs 0/142            | 0/576 vs 2/579         |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Fatal PE[^b^](#rth212359-note-0012){ref-type="fn"} (DOAC vs LMWH)                  | 1.1% vs 0.7%           | 0.5% vs 0.5%           | 0% vs 0%                  | 0.7% vs 0.5%           |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 6/522 vs 4/524         | 1/203 vs 1/203         | 0/203 vs 0/203            | 4/576 vs 3/579         |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+
| Treatment discontinuation[^c^](#rth212359-note-0013){ref-type="fn"} (DOAC vs LMWH) | 12 mo:                 | 42.4% vs 44.3%         | 37.9% vs 45.8%            | 36.8% vs 44.6%         |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 61.7% vs 70.6%         | 86 vs 90               | 55 vs 65                  | 212 vs 258             |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 322 vs 370             |                        |                           |                        |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 6 mo:                  |                        |                           |                        |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 41.2% vs 45.6%         |                        |                           |                        |
|                                                                                    |                        |                        |                           |                        |
|                                                                                    | 219 vs 239             |                        |                           |                        |
+------------------------------------------------------------------------------------+------------------------+------------------------+---------------------------+------------------------+

Outcomes rates are obtained at 12 mo of follow‐up for Hokusai VTE Cancer and at 6 mo of follow up for SELECT‐D, ADAM VTE, and Caravaggio.

CRNMB, clinically relevant nonmajor bleeding; DOAC, direct oral anticoagulation; GI, gastrointestinal; GU, genitourinary; HR, hazard ratio; IU/kg, international units per kilogram of bodyweight; LMWH, low‐molecular‐weight heparin; mITT, modified intention to treat population; PE, pulmonary embolism; VTE, venous thromboembolism.

Modified intention to treat for Hokusai VTE Cancer, SELECT D, and Caravaggio. Per protocol for ADAM VTE.

Including death for which PE could not be ruled out as a cause, as defined within respective studies.

Treatment discontinuation comprises all patients who did not receive either drug for the predefined time (including deceased patients).

John Wiley & Sons, Ltd

Overall, 2894 patients with acute VTE were included in the meta‐analysis. Of those, 1446 were allocated to treatment with a DOAC and 1448 to LMWH (50% each). Incidental VTE was reported as the index event in 30.0% of patients, ranging from 19.9% in Caravaggio, 27.8% in SELECT‐D to 32.5% in Hokusai VTE Cancer, with no reported rates of presence or absence of symptoms of the qualifying VTE events in ADAM VTE.[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"}

Patients allocated to the control group of all 4 studies were treated with dalteparin at a dose of 200 IU/kg once daily for 1 month, followed by 150 IU/kg once daily. Experimental treatment was edoxaban at a dose of 60 mg once daily (or 30 mg if \[i\] body weight was below 60 kg, \[ii\] creatinine clearance between 30 and 50 mg/min, or \[iii\] in the case of concomitant treatment with a potent P‐glycoprotein inhibitor) after 5 days of therapeutic anticoagulation with LMWH in the Hokusai VTE Cancer study, rivaroxaban 15 mg twice daily for 3 weeks followed by 20 mg once daily in SELECT‐D, and apixaban 10 mg twice daily for 7 days followed by 5 mg twice daily in the ADAM VTE and Caravaggio trials. The duration of treatment differed among studies; however, all studies reported 6‐month rates of outcome variables. The primary outcome of Hokusai VTE Cancer was a composite of recurrent VTE and major bleeding at 12 months, recurrent VTE at 6 months for SELECT‐D and Caravaggio, and major bleeding at 6 months for ADAM VTE.[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"} Six‐month rates of outcome events were derived from the main manuscripts of included trials (SELECT‐D, ADAM VTE, Caravaggio) or supplemental files (Hokusai VTE Cancer).

3.3. Risk of bias {#rth212359-sec-0014}
-----------------

Risk of bias was assessed by the Revised Cochrane risk‐of‐bias tool for randomized trials.[^21^](#rth212359-bib-0021){ref-type="ref"} Low risk of bias was suspected for all included studies (Figure [2](#rth212359-fig-0002){ref-type="fig"}). Visual inspection of a funnel plot revealed no suspicion for publication bias (Figure [S1](#rth212359-sup-0001){ref-type="supplementary-material"}).

![Revised Cochrane risk‐of‐bias tool (RoB2) for randomized trials. VTE, venous thromboembolism](RTH2-4-550-g002){#rth212359-fig-0002}

3.4. Primary outcomes of the meta‐analysis: recurrent VTE and major bleeding {#rth212359-sec-0015}
----------------------------------------------------------------------------

The 6‐month risk of recurrent VTE was significantly reduced in patients treated with a DOAC compared to LMWH (RR, 0.62 \[95% CI, 0.43‐0.91\]; *P* = .014; I^2^ = 30.2%). Recurrent VTE during 6 months of follow‐up occurred in 75 of 1446 (5.2%) patients treated with DOACs and 119 of 1448 (8.2%) patients treated with LMWHs. Conversely, risk of major bleeding was higher in patients treated with DOACs (RR 1.31 \[95% CI, 0.83‐1.71\]; *P* = .252; I^2^ = 22.9%), with rates of major bleeding of 4.3% and 3.3% in patients treated with DOACs and LMWHs, respectively. Forest plots and corresponding RRs of the primary outcome analysis are displayed in Figure [3A](#rth212359-fig-0003){ref-type="fig"}.

![(A) Forest plots and relative risks for primary efficacy and safety outcomes. CI, confidence interval; DOAC, direct oral anticoagulant, LMWH, low‐molecular‐weight heparin; RR, relative risk; VTE, venous thromboembolism. (B) Forest plots and relative risks for key secondary outcomes. CI, confidence interval; CRNMB, clinically relevant nonmajor bleeding; DOAC, direct oral anticoagulant; LMWH, low‐molecular‐weight heparin; RR, relative risk](RTH2-4-550-g003){#rth212359-fig-0003}

3.5. Secondary outcomes of the meta‐analysis {#rth212359-sec-0016}
--------------------------------------------

Risk of CRNMB was significantly elevated in patients treated with DOACs compared to LMWHs (RR, 1.65 \[95% CI, 1.19‐2.28\]; *P* = .002; I^2^ = 29.0%), with corresponding 6‐month rates of 10.4% and 6.4%, respectively. Accordingly, rates of any bleeding event (major bleeding and/or CRNMB) were increased in patients treated with DOACs versus LMWHs (14.7% vs 9.7%; RR 1.54 \[95% CI, 1.12‐2.11\]; *P* = .007; I^2^ = 48.3%). There was a nonsignificant increase in risk of major GI bleeding in patients treated with DOACs (2.6% vs 1.4%; RR, 1.85 \[95% CI, 0.92‐3.71\]; *P* = .083; I^2^ = 35.3%) and an increase in risk of major GU bleeding (0.7% vs 0.1%; RR, 4.99 \[95% CI, 1.08‐23.08\]; *P* = .040; I^2^ = 0.0%).

There was no difference in mortality among study groups (RR, 0.99 \[95% CI, 0.83‐1.18\]; *P* = .928; I^2^ = 37.2%), with corresponding 6‐month mortality rates of 23.9% in patients treated with DOACs and 24.2% in those treated with LMWHs. Also, no significant differences between DOACs and LMWHs were seen with regards to PE‐related mortality (0.7% vs 0.5%; RR, 1.43 \[95% CI, 0.55‐3.76\]; *P* = .467; I^2^ = 0.0%), fatal bleeding events (0.1% vs 0.3%; RR, 0.37 \[95% CI, 0.07‐2.00\]; *P* = .247; I^2^ = 0.0%), or intracranial bleeding (0.1% vs 0.5%; RR, 0.39 \[95% CI, 0.10‐1.49\]; *P* = .168; I^2^ = 0.0%).

The rate of preterm discontinuation of anticoagulation was significantly lower in patients treated with DOACs compared to LMWHs (39.6% vs 45.0%; RR, 0.88 \[95% CI, 0.81‐0.96\]; *P* = .003; I^2^ = 0.0%).

For the analysis of major GI bleeding, major GU bleeding, fatal bleeding events, and intracranial bleeding, 12‐month rates from Hokusai VTE Cancer were used due to the unavailability of 6‐month rates.

Figure [3B](#rth212359-fig-0003){ref-type="fig"} depicts forest plots and corresponding RR for key secondary outcome events (CRNMB, mortality, treatment discontinuation). Forest plots for the remaining secondary outcomes (any bleeding, fatal bleeding, fatal PE, major GI bleeding, major GU bleeding, and intracranial bleeding are provided in the Appendix [S1](#rth212359-sup-0001){ref-type="supplementary-material"} (Figure [S2](#rth212359-sup-0001){ref-type="supplementary-material"}).

3.6. Sensitivity analyses {#rth212359-sec-0017}
-------------------------

Upon visual inspection of forest plots and I^2^ values, heterogeneity in outcomes was deemed possible between ADAM VTE and the other included studies. This heterogeneity is further supported by an overall lower event rate of VTE and bleeding as well as lower overall mortality rates of patients in ADAM VTE compared to the Hokusai VTE Cancer, SELECT‐D, and Caravaggio studies, indicating the recruitment of a presumably low‐risk population. To reduce heterogeneity, we conducted a sensitivity analysis by aggregating outcomes of Hokusai VTE Cancer, SELECT‐D, and Caravaggio. Similar results were obtained for risk of outcome events for patients treated with DOACs compared to LMWHs, while heterogeneity was reduced for most outcomes (recurrent VTE: RR, 0.68 \[95% CI, 0.51‐0.90\]; I^2^ = 0.0%; major bleeding: RR, 1.36 \[95% CI, 0.89‐2.06\]; I^2^ = 15.2%; CRNMB: RR, 1.74 \[95% CI, 1.17‐2.59\]; I^2^ = 49.6%; mortality: RR, 0.96 \[95% CI, 0.82‐1.13\]; I^2^ = 29.6%). Forest plots of the sensitivity analysis are provided as Figure [S3](#rth212359-sup-0001){ref-type="supplementary-material"}.

Within a second sensitivity analysis, we explored risk of recurrent VTE and major bleeding of patients treated with DOAC compared to LMWH during the on‐treatment period. Only data for Caravaggio and the 12‐month period of Hokusai VTE Cancer were available and were aggregated within a pooled analysis due to the unavailability of corresponding data for SELECT‐D and ADAM VTE. RR for recurrent VTE (4.8% vs 7.6%; RR, 0.63 \[95% CI, 0.45‐0.89\]; *P* = .009; I^2^ = 0.0%) and major bleeding (4.8% vs 3.6%; RR, 1.32 \[95% CI, 0.66‐2.63\]; *P* = .426; I^2^ = 35.9%) were comparable to the primary analysis (Figure [S4](#rth212359-sup-0001){ref-type="supplementary-material"}).

3.7. Subgroup analyses {#rth212359-sec-0018}
----------------------

We conducted a subgroup analysis of risk of major bleeding in patients with GI cancer, including colorectal, gastric, gastroesophageal, pancreatic, and hepatobiliary cancer. Detailed data for a 6‐month observation period were available for Hokusai VTE Cancer and SELECT‐D (aggregated n = 1452; 33% GI cancer).[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^22^](#rth212359-bib-0022){ref-type="ref"}

Risk of major bleeding was significantly elevated in patients with GI cancer treated with DOACs compared to LMWHs (9.3% vs 4.0%; RR, 2.30 \[95% CI, 1.08‐4.88\]; *P* = .031; I^2^ = 0.0%). Conversely, in patients with non‐GI malignancies, risk of major bleeding in patients treated with DOACs vs LMWHs was comparable (3.4% vs 2.9%; RR, 1.22 \[95% CI, 0.60‐2.48\]; *P* = .580; I^2^ = 0.0%).

We also analyzed efficacy and safety outcomes in the subgroup of patients with incidental VTE as the index event. Data for outcome variables stratified by symptoms of the index event were available for Hokusai VTE Cancer and Caravaggio (aggregated n = 2192; 26% incidental VTE).[^12^](#rth212359-bib-0012){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^23^](#rth212359-bib-0023){ref-type="ref"} Risk of recurrent VTE was similarly reduced in patients treated with DOACs with incidental and symptomatic VTE as the index event (incidental: RR, 0.58 \[95% CI, 0.28‐1.18\]; *P* = .134; I^2^ = 0.0%; symptomatic: RR, 0.76 \[95% CI, 0.55‐1.07\]; *P* = .118; I^2^ = 0.0%). Risk of major bleeding was similar between patients with incidental and symptomatic VTE as the index event (incidental: RR, 1.11 \[95% CI, 0.53‐2.32\]; *P* = .785; I^2^ = 0.0%; symptomatic: RR 1.50 \[95% CI, 0.55‐4.07\]; *P* = .422; I^2^ = 67.4%). Figure [4](#rth212359-fig-0004){ref-type="fig"} displays detailed results of both subgroup analyses.

![Subgroup analyses. CI, confidence interval; DOAC, direct oral anticoagulant; GI, gastrointestinal; LMWH, low molecular weight heparin; RR, risk ratio; VTE, venous thromboembolism](RTH2-4-550-g004){#rth212359-fig-0004}

4. DISCUSSION {#rth212359-sec-0019}
=============

In this meta‐analysis of 4 RCTs including 2894 patients, we compared the efficacy and safety of DOACs vs LMWHs for the treatment of cancer‐associated VTE. DOACs emerged as significantly more effective in preventing recurrent VTE than LMWHs, while RRs of bleeding were in favor of LMWHs.

Superiority with respect to recurrent VTE has not been shown for a DOAC, neither in any of the single RCTs nor in aggregated results of previous meta‐analyses.[^16^](#rth212359-bib-0016){ref-type="ref"}, [^17^](#rth212359-bib-0017){ref-type="ref"} The improvement in efficacy of DOACs over LMWHs might be explained in part by better treatment adherence with an orally administered drug than with subcutaneous injections, which may be reflected by a lower preterm treatment discontinuation rate in patients treated with oral factor Xa inhibitors. Further advantages could be the predictable effect of DOACs and no need for laboratory drug monitoring or frequent dose modifications of oral treatment strategies. The impact of the lower treatment discontinuation rate with DOACs was explored in a pooled analysis of outcomes for the on‐treatment period of Hokusai VTE Cancer and Caravaggio. Efficacy and safety of this analysis were comparable to the primary analysis, arguing against treatment adherence being the only driving factor for reduced rates of recurrent VTE with DOACs.

Another reason for the relative improvement in efficacy of DOACs versus LMWHs could be the reduction of the dosing of LMWHs in the control arm by 25% after 1 month of treatment, as represented by diverging Kaplan‐Meier curves from 1‐2 months of treatment initiation in the trials.[^12^](#rth212359-bib-0012){ref-type="ref"}, [^13^](#rth212359-bib-0013){ref-type="ref"}, [^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"} The risk reduction of recurrent VTE with DOACs seems to be independent of differences of qualifying events for study inclusion with regard to location of the thrombosis, with splanchnic and cerebral vein thrombosis being included in the ADAM VTE trial, and definition of efficacy outcome events, with upper extremity DVT being included in the Caravaggio trial.[^14^](#rth212359-bib-0014){ref-type="ref"}, [^15^](#rth212359-bib-0015){ref-type="ref"} Based on the low level of heterogeneity and consistency of efficacy results of DOACs between studies included in the meta‐analysis, as represented by similar patterns of forest plots upon visual inspection and low I^2^ values (ie, the percentage of variation in RR attributable to differences between studies), it appears reasonable to come to the general conclusion that factor Xa inhibitors are effective in preventing recurrent VTE.

On the contrary, DOACs seem to be associated with an increased risk of bleeding. We found a numerically elevated rate of major bleeding and major GI bleeding in patients treated with DOACs, with a significantly elevated risk of major bleeding in the subgroup of patients with a GI cancer. Further, risk of major GU bleeding and risk of CRNMB was significantly higher in patients treated with a DOAC. However, rates of intracranial and fatal bleeding were low across all studies in both treatment arms, with comparable rates of intracranial and fatal bleeding between DOAC and LMWH arms (0.1% vs 0.5% and 0.1% vs 0.3%, respectively), which supports the relative safety profile of DOACs. Despite differences between the rates of bleeding events across different factor Xa inhibitors, similar results could be observed between the respective dalteparin control arms, raising the question of whether differences in potential safety profiles are agent specific or trial specific.

Similar results for safety and efficacy were obtained in 2 subgroup analyses. In patients with GI malignancies, risk of major bleeding was significantly higher in the DOAC than in the LMWH treatment arm. Specifics on type of major bleeding in patients with GI cancer were not available for SELECT‐D, ADAM VTE, and Caravaggio. However, Kraaijpoel et al[^26^](#rth212359-bib-0026){ref-type="ref"} reported a high proportion of major GI bleeding of all major bleeding events in the subgroup of patients with GI cancer treated with DOACs (90%) compared to LMWHs (20%) for Hokusai VTE Cancer. In our second subgroup analysis of patients with incidental VTE as the index event, risk of recurrent VTE and major bleeding of DOACs compared to LMWHs were comparable to outcomes in patients with symptomatic VTE as the index event. This observation supports current recommendations for the same therapeutic approach for incidental and symptomatic cancer‐associated VTE.[^28^](#rth212359-bib-0028){ref-type="ref"}, [^29^](#rth212359-bib-0029){ref-type="ref"}

Despite a higher efficacy and better therapy adherence, DOACs were not associated with a decreased mortality rate compared to LMWHs. Rates of fatal PE and fatal bleeding were both low between groups, and therefore these analyses might lack statistical power. It is also likely that underlying cancer‐related mortality overwhelms potential survival benefits of DOACs by reducing risk of recurrent VTE.

Due to heterogeneity in overall outcome rates and differences in qualifying VTE events, design and outcome events of the ADAM VTE trial, we conducted a sensitivity analysis including only data from Hokusai VTE Cancer, SELECT‐D, and Caravaggio, where comparable results to the primary analyses were found.

Our updated meta‐analysis has several limitations. First, data synthesis was conducted from published results only and does not include patient‐level data. Therefore, additional subgroup analyses were not possible that would be feasible within a patient‐level meta‐analysis. However, all primary and secondary outcome analyses were feasible in our study‐level meta‐analysis. Second, despite dalteparin being an evidence‐based treatment for cancer‐associated VTE based on the CLOT study used as comparator in all 4 trials, other LMWHs with different dosing strategies are also used in clinical practice in many countries. Third, due to the unfeasibility of placebo injections over at least 6 months, all 4 studies included in the meta‐analysis were conducted with an open‐label design. Certainly, this represents the ethically preferable study design, despite a certain degree of potential risk of bias due to lack of blinding. This issue is largely resolved by blinded‐endpoint evaluation, as conducted within the studies. Fourth, we performed 2 subgroup analyses of special interest, and in the subgroup analysis of GI cancers, only 2 studies with extractable information could be included; in the subgroup analysis of patients stratified by the index event (incidental or symptomatic), data from only the 2 largest studies were available. Thus, our subgroup analyses are limited in sample size and therefore might lack statistical power. Finally, for the analysis of our secondary outcomes, major GI bleeding, fatal bleeding events, and intracranial bleeding, 12‐month rates from Hokusai VTE Cancer were used as of the unavailability of 6‐month rates. However, as of the low overall event rates of these specific outcomes and their clinical significance, we decided to aggregate these data despite heterogeneity in their analytic time frame. For all other primary and secondary outcome analysis, 6‐month rates from all studies were used.

One strength of our meta‐analysis is its scale, with the recent publication of the Caravaggio trial, adding a significant number of patients for aggregating data. Thereby, the power is higher compared to previous meta‐analyses, which enhances the generalizability of the results. Further, updated guideline recommendations for the treatment of cancer‐associated VTE, naming DOACs as alternative to LMWHs as first‐line therapeutic option, are supported by our meta‐analysis.[^29^](#rth212359-bib-0029){ref-type="ref"}, [^30^](#rth212359-bib-0030){ref-type="ref"}, [^31^](#rth212359-bib-0031){ref-type="ref"} Due to the improved efficacy reported in our meta‐analysis and its practical advantages beyond efficacy and safety leading to improved patient adherence, superiority of DOACs to LMWHs in the setting of acute cancer‐associated VTE should be evaluated in updated guidelines in the future.

5. CONCLUSION {#rth212359-sec-0020}
=============

In patients with cancer‐associated VTE, DOACs significantly reduce risk of recurrent VTE and increase numerically the risk of major bleeding in a meta‐analysis of 4 RCTs comparing factor Xa inhibitors to dalteparin. DOACs were further associated with an increased risk of CRNMB in the overall patient population and an increased risk of major bleeding in the subgroup of patients with GI cancer, respectively. Therefore, the decision for a specific anticoagulant for the treatment of VTE in patients with cancer should be personalized. Optimal decision making should include a careful balancing of risks and benefits of the available treatment options and patient preferences.
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